The USDA Forest Service is implementing a new planning rule and starting to revise forest plans for many of the 155 National Forests. In forests that historically had frequent fire regimes, the scale of current fuels reduction treatments has often been too limited to affect fire severity and the Forest Service has predominantly focused on suppression. In addition to continued treatment of the wildland urban interface, increasing the scale of lowand moderate-severity fire would have substantial ecological and economics benefits if implemented soon. We suggest National Forests identify large contiguous areas to concentrate their fuels reduction efforts, and then turn treated firesheds over to prescribed and managed wildfire for future maintenance. A new round of forest planning provides an opportunity to identify and overcome some of the current cultural, regulatory, and institutional barriers to increased fire use that we discuss.
T he USDA Forest Service (2012a) has adopted a new planning rule and is beginning to revise forest plans for most of the National Forests, many of which are operating under 20 -30 yr old plans. The planning rule directs responsible officials to "consider opportunities to restore fire adapted ecosystems and for landscape scale restoration" (Federal Register 77(68): 21174) . Three of the eight forests nationally that will lead with plan revisions under this new rule are in California's Sierra Nevada (Sierra, Sequoia, and Inyo National Forests) . In these forests, as in much of the western United States, fuels reduction has been a priority as the size and severity of wildfires has been increasing (Miller et al. 2009 ). However, both the scale and implementation rate for fuel treatment projects is well behind what is necessary to make a meaningful difference across landscapes (USDA Forest Service 2011). This issue is particularly relevant as wildfire size and intensity are projected to increase in many parts of the Sierra Nevada based on climate modeling (Lenihan et al. 2008 , Westerling et al. 2011 . It is almost an axiom in California forest management that given many existing restrictions, prescribed and managed wildfires will never be practical on a large scale for fuels reduction treatments (Quinn-Davidson and Varner 2011) . California has some of the most restrictive air quality regulations in the country, a relatively high density of rural homes surrounded by flammable vegetation, extremely dry conditions during periods when prescribed fire could be used, and rugged topography that challenges containment efforts. Prescribed and managed wildfire do not generate revenue and therefore cannot cover management expenses, and managers may be liable if a fire escapes containment and damages property or inflicts injury. All of these concerns contribute to the general underuse of fire as a tool for both fuels reduction and forest restoration. We believe, however, much of the current approach to managing frequent-fire forests responds disproportionately to these immediate constraints and this approach is making it more difficult to reach long-term ecological and economic goals .
In this paper, we examine why managed wildfire and prescribed fire may be a more successful means of changing the scale and benefits of fuels treatment for fire-dependent forest ecosystems. We first estimate what the historic levels of burning may have been in California's Sierra Nevada under an active fire regime and compare this estimate to the scale of current fuels treatment efforts.
We then discuss how ecological and economic benefits decline as fuels reduction is postponed. In an effort to overcome current constraints, we use "stretch goals" and "backcasting" (Manning et al. 2006 ) methods suggested by some restoration ecologists to identify a desired condition (i.e., greater fire use) and that work back to the means by which forest managers might get to this future goal. We conclude by examining some of the perceived constraints on increasing fire use and what changes may help diminish these constraints. It has been suggested that current fire policies are triage that treat the consequences of fire suppression without proactively focusing on redirecting fire to an ecologically beneficial role (Weatherspoon and Skinner 1996, Stephens and Ruth 2005) . Increased prescribed burning and managed wildfire use may in part help effect some of this needed change.
In this discussion, we want to immediately make two distinctions about forest use areas and fire severity. What we focus on in this paper is the forest outside the wildland urban interface (WUI) (defined in the Federal Register as the area "where humans and their development meet or intermix with wildland fuel"). In the WUI, fire containment and suppression must be the primary goal of fuels treatments (Moghaddas and Craggs 2007) . Outside the WUI, however, fuels treatments "should focus on creating conditions in which fire can occur without devastating consequences" (Reinhardt et al. 2008 (Reinhardt et al. , p. 1998 . Current policies often conflate fuels treatment with suppression or containment, when outside the WUI a more useful objective may be reducing adverse fire effects and intensity rather than occurrence and size (SNEP 1996 , Stephens and Ruth 2005 , Reinhardt et al. 2008 ). This raises the second distinction we want to emphasize. We focus on the benefits of restoring historic patterns of low-and moderate-severity fire to forests that historically had frequent fire. We are not suggesting all fire is beneficial, particularly many modern wildfires that can have large areas burned at high severity.
Outside of the WUI, management that emphasizes suppression ignores the inevitable consequence that reducing burn area in the present is counter productive in the long run. Inevitably these forests burn, and the longer that fire is excluded, the greater the likelihood that fire severity will increase and have large-scale adverse impacts (Biswell 1989 , Marlon et al. 2012 ). The current pri-ority and pace of fuels treatments outside the WUI is unlikely to significantly influence fire intensity and severity.
Current Fuels Treatments Compared to Historic Burn Acreage
Although recreating historic fire regimes may not be practical, understanding the extent of historic fire can give some general bounds on the level of fuels reduction that Sierra Nevada forests evolved with. How much Sierra Nevada forest would the Forest Service (FS) and National Park Service (NPS) need to treat each year to maintain the level of fuels reduction that forests experienced with an active (pre-1850) fire regime? We have included the NPS to compare with the FS because of its proportionally greater use of prescribed fire and managed wildfire to achieve land management objectives.
Using a GAP analysis that identified the acreage and agency ownership of different forest types in the Sierra Nevada (Davis and Stoms 1996) , we calculated how much acreage might have historically burned each year by forest type. GAP analyses are used to identify how plant communities are distributed between different ownerships and aid in identifying where there are 'gaps' in conserving biodiversity (Scott et al. 1993) . We loosely grouped the forest types into two categories; (1) active management for those forests more often outside of wilderness on Forest Service land and in the more accessible front country in the Sierra Nevada's two National Parks, Yosemite and Sequoia/Kings Canyon, and (2) passive management for the other forest types (Table 1) . We estimated the acreage that would annually burn in each forest type using two values of historic fire return intervals (HFRI). We calculated HFRI after reviewing two published studies (Stephens et al. 2007, van de Water and Safford 2011 ) that summarize information from hundreds of fire history studies, and the online fire effects information system (USDA Forest Service 2012b). We calculated the overall mean, and the mean of the highest quartile (hereafter referred to as high) of HFRI values (Table 1) . We included the latter value as a very conservative estimate, one that managers might consider a minimal but approachable target given constraints on fuels reduction.
The analysis suggests the FS would need to reduce fuels annually on more than 487,000 ac/yr total (454,000 ac/yr in active management forest types) and more than 183,000 ac/yr total (171,000 ac/yr in active management forest types) using the mean and high HFRI (Table 1) , respectively, to approach historic levels. The NPS would need to reduce fuels annually on more than 65,000 ac/yr total (48,000 ac/yr in active management forest types) and more than 24,000 ac/yr total (18,000 ac/yr in active management forest types) using the mean and high HFRI, respectively (Table 1) . Total acreage of FS lands is approximately five times that of the NPS in the Sierra Nevada, yet it has a much higher burn acreage total because it has ten times more acreage than the NPS in the forest types that generally have low HFRIs. In contrast, the FS has only twice the amount of acreage of the NPS in forest types generally at higher elevation with higher HFRIs.
Current annual fuels reduction on FS land averages 87,923 ac of which 28,598 ac is mechanical (33% of the total), 8,256 ac (9%) is prescribed fire and 51,069 ac (58%) is wildfire (Table 2) . Combining both National Parks, the average annual fuels reduction is 11,279 ac/yr of which 132 ac (1%) is mechanical, 2803 ac (25%) is prescribed fire, and 8,344 ac (74%) is wildfire (Table
Management and Policy Implications
With less than 20% of the Sierra Nevada's forested landscape receiving needed fuels treatments, and the need to frequently re-treat many areas, the current pattern and scale of fuels reduction is unlikely to ever significantly advance restoration efforts. One means of changing current practices is to concentrate large-scale fuels reduction efforts and then move treated areas out of fire suppression into fire maintenance. A fundamental change in the scale and objectives of fuels treatments is needed to emphasize treating entire firesheds and restoring ecosystem processes. As fuel loads increase, rural home construction expands, and budgets decline, delays in implementation will only make it more difficult to expand the use of managed fire. Without proactively addressing some of these conditions, the status quo will relegate many ecologically important areas (including sensitive species habitat) to continued degradation from either no fire or wildfire burning at high severity.
2). Combining mechanical and prescribed fire treatments with wildfire, fuels are annually reduced on 18 or 48% (mean and high HFRI value, respectively) of the acreage that historically burned on FS land. Treatments and wildfire are reducing fuels on 17 or 46% (mean and high HFRI value, respectively) of NPS land. These estimates suggest both agencies have similar ratios of fuels reduced acreage to historic burned acreage, although by different means. For both agencies wildfire is the largest fuels reduction treatment, but often with much different effects. With the Forest Service's priority on suppression, which has been highly effective under moderate weather conditions (Finney et al. 2007) , wildfires have escaped primarily under more extreme weather conditions. FS wildfires produce a greater proportion of high severity (33%) than on NPS land (15%, data from Yosemite NP only) (Miller et al. 2009 , Thode et al. 2011 , Miller, J.D. 2012 , where fires more often burn under a wider range of weather conditions ). Previous management practices (extensive timber harvesting, livestock grazing etc.), and a higher proportion of fuel-productive forest types may also contribute to these differences in proportions of high severity. On both FS and NPS lands, current fuels reduction acreage is substantially below historic levels, relegating most areas to accumulating high fuel loads. This increased fuel loading, however, does not necessarily produce higher fire severity if, following the NPS ex- Table 1 . Forest type, total area, mean and high (mean of highest quartile) historic fire return interval (HFRI), fractional ownership, and approximate area that, on average, would have burned annually in the Sierra Nevada for the Forest Service (FS) and National Park Service (NPS) using the mean and high HFRI. The extent of the Sierra Nevada is the Jepson (Hickman 1993) definition, which is the area from the north fork of the Feather River south to Isabella Lake. Forest types are grouped into active and passive (forest types more often located in FS wilderness or NPS "back country") management. ample, fires are allowed to burn under moderate weather conditions.
Ecological and Economic Effects of Current FS Fuels Reduction Practices
Ironically, current FS practices intended to protect resources identified as having high ecological value often put them at a greater risk of high-severity fire. A policy focused on suppression, which ultimately results in greater wildfire intensity, means that fuels reduction becomes the principle method of locally affecting fire behavior and reducing severity ). Forest areas identified as having high conservation value, such as riparian conservation areas (van de Water and North , 2011 and protected activity centers (PAC) for threatened and sensitive wildlife ) often have management restrictions and higher litigation potential, resulting in minimal or no fuels reduction treatment. Stand conditions in these protected areas often consist of multilayered canopies with large amounts of surface fuel, resulting in increased crown fire potential (Spies et al. 2006 . Following two particularly high-intensity 2007 wildfires in the Sierra Nevada (Angora and Moonlight), riparian and PAC areas had some of the greatest percentage of high-severity effects of any area within the fire perimeters (Dailey et al. 2008 (Figure 1) . In contrast, low-and moderate-severity wildfire and prescribed burning in Yosemite N.P. maintained habitat characteristics and density of California spotted owls (Strix occidentalis occidentalis) in late successional montane forest (Roberts et al. 2011 
This unintended consequence of suppression-focused fire policy is not limited to forest with special designations. A particular problem in many productive, frequent-fire forests is the high duff accumulations that develop around large old trees in the absence of fuels reduction (Figure 1 ). Long duration smoldering burns can kill even large trees with thick bark Frandsen 1991, Hungerford et al. 1994 ). An analysis of factors associated with increased mortality found that when duff layers exceeded 5 in., the probability of mortality significantly increased, limiting conditions under which fire can burn without significant large-tree mortality (Hood 2010) . The longer that fire is kept out of many productive forests, the greater the likelihood that burn intensity and duration will be higher than desired, im-pacting ecosystem services and potentially killing many of the large trees that are highly valued.
Of the three principle means of fuels reduction, mechanical, prescribed burning, and wildfire, the latter is often the most expensive in California. We surveyed Forest Service Region 5 and National Park Service personnel in Yosemite and Sequoia/Kings Canyon for cost estimate records (Table  2) .
[1] Costs should be treated as only general estimates because accounting practices vary within and between agencies. The general trends, however, are instructive for identifying factors that increase costs and the rough differences between different treatments. Prescribed fire tends to be the least expensive per acre with costs decreasing as the size of treated area increases. Forest Service mechanical treatments costs vary widely but costs on average were 3.5 times higher than prescribed fire in large part due to expensive service contracts for removal of small, noncommercial biomass. Wildfire costs were highest but vary tremendously between burns. In general, costs per acre increased as access became more difficult but decreased with fire size.
These estimates are fairly consistent with published studies (Rideout and Omi 1995 , González-Caban 1997 , Cleaves et al. 1999 , Butry et al. 2001 , Berry and Hesseln 2004 , Berry et al. 2006 , Mercer et al. 2007 ). In one study examining Forest Service lands burned by wildfire and their suppression costs, total costs had high annual variability correlated with total area burned, while cost per acre from 1980 on were fairly consistent at about $760/ac (Calkin et al. 2005) . In another study in southwest forests, the authors estimated that avoided future wildfire suppression costs justified spending $271 to $684/ac for fuels reduction (Snider et al. 2006 ). However, costs can vary substantially between regions. For Region 5, which includes the Sierra Nevada, wildland fire suppression costs averaged $2,567/ac for the period of 1995-2004 (Gebert et al. 2007 ). Factors having the largest influence on suppression cost were fire intensity (as measured by flame length), area burned, total housing value within 20 miles of the ignition and the percent of private land within the fire perimeter (Gebert et al. 2007 , Liang et al. 2008 ). In addition, suppression costs in Region 5 may be associated with factors related to California's population size. A recent paper suggested newspaper coverage and political pressure can substantially increase wildfire suppression costs (Donovan et al. 2010 ).
An additional economic consideration for the FS is that mechanical treatment costs are likely to increase. In many forests after decades of fire suppression fuels reduction costs, particularly for service contracts, can be offset with the removal of some trees large enough to have commercial value (Hartsough 2003) . Second-entry treatments for maintenance of fuels reduction will probably have higher costs when commercial size trees are rare or no longer present. With current or even shrinking FS budgets, the scale of mechanical treatments may dramatically decrease for maintenance of areas previously treated.
In the future, maintenance of existing fuels reduction treatments could eventually subsume the entire treatment effort such that some proportion of the forest is never treated and always has uncharacteristically high fuel loads (hereafter, the backlog). We roughly calculated this backlog based on some assumptions given data limitations. We assumed mechanical and prescribed fire treatment would all occur in active management forest types and be proportional to each forest type's percentage of the Forest Service's total acreage. For wildfire we used the proportions of total wildfire acreage burned by forest type during 1984 -2004 (Miller et al. 2009 ; Table 1 ). Using criteria for Forest Condition Class 2 (Barrett et al. 2010) , we assumed a forest would accumulate uncharacteristically high fuel loads if it were not treated within a period equal to twice the mean HFRI (Table 1) (Caprio et al. 2002) . Using these proportions and current fuels reduction levels (Table 2) , we calculated the total amount of acreage in each forest type that would have some form of fuels reduction (i.e., mechanical, prescribed burning, and wildfire) before treatments would have to "start over again." We then subtracted this amount from the forest type's total acreage to calculate backlog. We estimate that at current rates the deficit of forestland "in need" of treatment would be approximately 2.9 million ac (60%) of FS acreage in the Sierra Nevada, of which 1.7 million ac (60% of the backlog) are ponderosa and Jeffrey pine dominated forest types ( Figure 2 ). We believe this is a very conservative estimate because it assumes that mechanical, prescribed fire, and wildfire areas never overlap.
An often-cited critique of fuels treatments is that the probability of wildfire burning a treated area within the expected lifespan of the treatment is so low that treatment costs and potential impacts on forest resources (e.g., carbon, watercourses, etc.) are rarely justified (Rhodes and Baker 2008, Campbell et al. 2011) . Indeed, in California fuels treatments designed for the suppression and containment of wildfire may rarely be economical except in the WUI or areas with known high ignition probabilities (i.e., road corridors). However, the cost-benefit ratio improves if the primary goal of fuels treatment is to reduce fire severity, not size, which is most effective when treatments are arranged strategically across a landscape (Finney et al. 2007 ). In general managed wildfire does fuel reduction "work" at a lower cost per acre than mechanically treating or suppressing the fire. In the long-term, however, the ecological and economic benefits of managed wildfire are only realized if the burned area is removed from the land base that requires suppression and in the future is maintained by fire.
Stretch Goals and Backcasting
Collectively, current trends suggest the Forest Service needs a two-to fivefold increase in its annual fuels reduction acreage, is reducing the potential ecosystem services of untreated forest if burned by wildfire, and is engaged in a triage fuels reduction policy weighted toward suppression and high upfront, emergency costs. It is difficult to see how the pace, scale and economics of current practices can improve.
Frustrated by the ad hoc and small scale of many restoration projects, Manning et al. (2006) suggested using stretch goals and backcasting methods to significantly increase the scale and coordination of restoration efforts for whole ecosystems. A stretch goal is when an objective cannot be achieved by incremental improvements and requires a significant change in methods. Stretch goals are ambitious long-term targets used to generate innovation for achieving outcomes that currently seem impossible (Manning et al. 2006) . Backcasting is where the stretch goal's desired condition is visualized and then a pathway to that condition is worked out retrospectively. The features of problems for which backcasting is well suited are when the problem is complex, there is a need for major change and marginal changes will be insufficient to solve a problem, dominant trends are part of the problem, and timescales are long enough to give considerable scope for deliberate choice (Dreborg 1996) . A hypothesized stretch goal for Sierra Nevada forest management is to restore as much ecologically beneficial fire into the landscape as possible . Using backcasting, the most practical means of getting to that desired endpoint is to significantly expand prescribed fire and managed wildfire. To meet this stretch goal we suggest that forest plans consider a new approach in fuels reduction policy: some treatments should be scaled and located with the intent of treating an entire fireshed and then converting that area to future management and maintenance through managed wildfire and prescribed fire. A fireshed has been defined as a contiguous area with similar fire history and problem fire characteristics where a coordinated suppression effort would be most effective (Ager et al. 2006 , Bahro and Perrot 2006 , Anonymous 2010 . In California, efforts to identify firesheds have noted, ". . . boundaries are also influenced by the values they contain and by fire management opportunities" (Bahro et al. 2007) . The opportunity in the firesheds we propose is to identify areas where fire is not suppressed but is restored as an active ecological process. Forest plans have the opportunity to identify these areas, establish criteria for how they will be treated, and under what conditions they will be allowed to burn. This is important because most forests will need more than one treatment before their burn window can be broadened. For example, after a long hiatus fire reintroduction can leave many small dead trees, that after toppling add to surface fuel loads (Skinner 2005) . In these conditions fire hazard will remain elevated until decomposition or a second treatment reduces surface fuel loads.
This approach has several economic and ecological benefits. Many FS projects are 3,000 to 8,000 ac in size, whereas firesheds in California often encompass 50,000 to 100,000 ac or more (Bahro et al. 2007 ). This size would have economic efficiencies by providing an opportunity to bundle revenue-generating areas with lightly treated forests such as riparian and PAC areas that are revenue sinks (Hartsough 2003) . For example, the FS is currently varying fuels treatments with topography to simulate the forest structure and pattern that might have historically been produced by an activefire regime (Skinner et al. 2006 , North et al. 2009 ). Revenue from heavier thinning on upper slopes designed to restore low-density large pine conditions might be used to support hand thinning and/or prescribed burning that maintains higher canopy cover in the parallel track of forest in the drainage bottom (Figure 3) . The larger scale of treatments and the practical need to spread them out over several years would make for a steady, more predictable flow of wood for local mills and potential biomass plants.
Biomass use of small diameter fuels holds promise for improving the economics of fuels treatments. The lack of consistent biomass supply can limit development of processing infrastructure, however, large scale, long-term treatment planning can overcome some of these limitations (Hampton et al. 2011) . Nor would this strategy just be a short-term boom, as it would take decades to widely implement fire-maintained firesheds, and once implemented there will still be a need for strategic mechanical fuels reduction. In the long run, creating burn-maintained firesheds could actually make headway in reducing the backlog of acreage needing treatment while realizing economic savings by substantially reducing future maintenance costs.
Studies of different fuels treatments across a number of forest types historically associated with frequent fire consistently show the ecological benefits of fire and its essential role in ecosystem restoration (Stephens et al. , 2012 . Mechanical treatment alone may be able to mimic the live-tree structure of an active-fire forest condition ), but it does not restore key ecological processes such as nutrient cycling (Wohlgemuth et al. 2006) , understory (Wayman and North 2007, Webster and Halpern 2010) and microclimate (Ma et al. 2010 ) diversity, soil respiration patterns (Concilio et al. 2006) , regeneration of fire-resistant tree species (Zald et al. 2008) or provision of habitat for some species (Hutto 1995, Saab and Powell 2005) . Fire can restore some ecosystem benefits within a few applications. Forest structure (Taylor 2010) and understory conditions (Webster and Halpern 2010) may approach active fire regime conditions after two burns (or in some cases one moderate severity fire may be sufficient (Collins et al. 2011) ). Recent research (Nesmith et al. 2011 ) also suggests that "despite restrictions" prescribed fire can produce similar patterns and effects on vegetation as low-intensity wildfire. Findings from these and other studies suggest that efforts to increase forest restoration and resilience need to incorporate fire. For this to occur at meaningful scales managed wildfire and prescribed fire needs to be a substantial component of the management portfolio.
Constraints on Fire Use

Escaped-Fire Damage
Increased use of managed wildfire and prescribed fire is not without risk (e.g., 2012 Lower North Fork fire, Colorado; 2011 Margaret River fire, Western Australia; 2000 Cerro Grande fire, New Mexico). There are lessons, however, from these experiences that can help reduce the risk of escaped fire: (1) Prescribed fire, particularly for initial-entry burns, could be constrained to a relatively narrow set of fuel moisture and weather conditions. This would involve taking advantage of favorable conditions, whenever they occur (i.e., including nighttime and weekend opportunities). At present this can be difficult when land management agencies restrict work hours;
(2) Minimize use of prescribed fire in areas surrounded by hazardous fuels. Prescribed fire units could be anchored by areas with low fire behavior potential (e.g., large rock outcrops, barren ridge tops, previous fuel treatments or wildfires). This involves developing a landscape strategy for fire use in the planning process. A new tool, the "Treatment Minimizer" in the software ArcFuels may help with this planning (Vaillant et al. in press) . The stated justification for this tool is ". . . forest restoration should have the goal of creating the largest area within which fire behavior does not exceed thresholds that trigger suppression"; and (3) Burn large units (Ͼ1000 ac). There is very little to gain from burning small units relative to the risk. Revised forest plans can institute policy support for problems that will inevitably occur when fire use increases .
Agency Culture
Although current policy recognizes the importance and need for managed wildfire (FWFMP 2001 , USDA/USDI 2005 , FWFMP 2009 ), studies have found very low rates of implementation. In 2004, land management agencies only let 2.7% of all lightning ignitions burn (NIFC 2006) , consistent with a recent analysis in the Sierra Nevada that less than 2% of FS lands were burned under managed wildfire between 2001 (Silvas-Bellanca 2011 . The most significant factor associated with FS district rangers using managed wildfire was personal commitment, while the main disincentives were negative public perception, resource availability and perceived lack of agency support (Williamson 2007) . For example, in Sierra Nevada National Forests, prescribed fire in mixed-conifer forests that produces Ͼ5% mortality of large overstory trees or patches of high severity has sometimes been considered as failing to meet objectives. Studies in an upper elevation mixed-conifer forest with a restored fire regime, however, suggest patches of considerable overstory mortality (Ͼ75%) do occur even under moderate weather and generally low fuel loads . These patches, however, are generally small (Ͻ10 ac) and collectively make up a relatively small portion of the landscape (Ͻ15%). The top changes suggested by managers to increase managed wildfire were increased training and education, institutional support, management flexibility and lands identified for managed wildfire (Doane et al. 2006 ). Implementation of the new planning rule and development of new forest plans provides an opportunity to address these problems and foster an agency culture that supports increased fire use.
Rural House Density
The presence and density of homes near a fire affect suppression costs (Liang et al. 2008) , increase liability risk (White 1991 , Czech 1996 , and limit management options for managed wildfire use (Arno and Brown 1991). As more homes are built in the forest, the size and extent of the WUI increases. One analysis found the WUI in the United States expanded by more than 52% from 1970 to 2000 with the greatest increases occurring in the western United States (Theobald and Romme 2007) . The human population in California's Sierra Nevada doubled between 1970 and 1990 and is projected to triple from 1990 to 2040 (Duane 1996) . To date, however, much of that growth has been concentrated in areas with existing infrastructure (i.e., water and power). Some projections of future development suggest new home construction will be more dispersed given technology improvements and increased interest in living 'off the grid' (White et al. 2009 ). Maps of current housing density based on Theobald's (2005) analysis of census data (Sierra Cascade Land Trust Council 2011) suggest unpopulated firesheds still exist in the Sierra Nevada, particularly in the northern and southern extent of the range. Fire-use area designation will become more difficult the longer it is postponed as more development occurs.
Air Quality
In California, air quality restrictions severely limit burn opportunities. In general, prescribed fire and managed wildfire ("natural ignitions that are managed for resource benefit") are subject to regulation by local air pollution control offices attempting to meet airshed standards under the Environmental Protection Agency's Title 17 (unmanaged wildfire is sometimes exempted from the standards on a case-by-case basis under the category of "exceptional events"). This has resulted in Yosemite and Sequoia/Kings Canyon N.P. being fined, or having permission for other planned projects denied when they did not suppress prescribed and managed wildfire even though they occurred in areas designated for fire use. On a per acre basis, however, emissions from an "escaped," unplanned, or high-severity wildfire can be substantially higher than occurs during managed wildfire or prescribed fire (Ahuju 2006). Fire-dependent forests will burn eventually, meaning the responsible choice is between periodic, lower concentrations of smoke in planned dispersal patterns or unplanned, heavy emissions where smoke drift and accumulation is uncontrolled. Current policy treats "unmanaged" wildfire occurrence and the resultant effects as 'an act of God' when human management decisions and inaction have actually contributed to conditions that support large, severe fires. Changes in policy should be considered which acknowledge the inevitability of forest fire emissions and encourage responsible management actions that minimize harmful human exposure.
Conclusion
Region 5 of the Forest Service is embarking on developing their next round of forest plans designed to set the standards and guidelines for forestry practices for the next 10 -20 years. Other Forest Service regions will likely be facing similar forest plan revisions in the near future and may look to Region 5 forests for guidance under the new programmatic planning rule. With less than 20% of the landscape that needs it receiving fuels treatments, and the need to re-treat many areas every 15-30 years depending on forest type, the current pattern and scale of fuels reduction is unlikely to ever significantly advance restoration efforts, particu-larly if agency budgets continue to decline. Treating and then moving areas out of fire suppression into fire maintenance is one means of changing current patterns. A fundamental change in the scale and objectives of fuels treatments is needed to emphasize treating entire firesheds and restoring ecosystem processes. As fuel loads increase, rural home construction expands, and budgets decline, delays in implementation will only make it more difficult to expand the use of managed fire. This approach may be criticized given current constraints but at least it could stimulate discussions between stakeholders, air quality regulators, and forest managers about current and future constraints on management options. Without proactively addressing some of these conditions, the status quo will relegate many ecologically important areas to continued degradation from fire exclusion. In some forests, revenue generated in the initial entry (Hartsough et al. 2008 ) may be the best opportunity to increase the scale and shift the focus of current fuels reduction toward favoring fire restoration.
Endnote [1] All dollar values reported in this paper have been standardized to 2012 dollars. 
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